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Notation

Ideal (nonevirccoure) thruet coefficient

Ty
h Subeerirt cenoting finite hud
Kﬂ:: Integral cdefined by ecuation (2)
r Section radius
R Proreller tip 1adius

Xs= __% Nonéimencional section racdius

X, Non-dimensionsl hitr recdius
Y 4 Nurber of Rlades
/‘k Eydrodynaric piteh angle
)h Iceal efficiency
A Advance coefficient

A‘ Induced advance coefficient (8-%— = X tan ’4‘ )
K z 5(&.2,3,% ) "Ccldstein Fector" or

"Circulation Distribution Factor™ from
reference (8)
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Abetract

The ideal (non-viscour) thrust coefficient CT1
related to 2 range of ides]l efficienclers ( Q;) ancd
& range of advance coefficients (‘k) is calculated
for propelier: having 3,4, and 6 hlazdes and having
hute wvhor~ diameters are 0.2, 0.3 and O.% of the

nroreller diameter.
Introduction

The relaticnehire tetveen icdeal (non-viecous)
thrust coefficient CT1, 1deal efficiency 7, and advance
coefficient .k for rrorellers having a finite numter of

hlacdes hut zero hub diameter were determined by

Kramer? after suitahly transforming equations (8) and
(11) of Lbschz for finite *lade numher. The recsults
obtained were based on Goldstein'33 solution of the

L L
and Yeatran

potential rroblem, recalculated by Lock,
and Kramer, hirself, and extended by Krarer for large
values of A; .

When Lerbss Fublished a proveller design method
useing "induction factore,” it tecame rossible to compare
theoretically the circulation Aietributions for lightly

and moderately lomrded gprucvllers, When, as a rerult of

References are listed on pape §
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this compariron, it was seen that the condition of
normality for lightly loaded prorelleres could be
applied to moderately loaded prorellers with good
accuracy, "it was then deeme’ necessary to determine
the GColdetein Factor by more accurate methods than had
previously been used, particularly for sections near

the tip and for large advance ratiog:f6 This wvas

done by Tachrindji and Milam.®

Noting the increarsing ure of rroprellere with
relatively large hube, Tnchmindji7 formulated and
eolved the rotential problem for propelleres with finite
hu» diameters. Numerical evaluations are presented by
Tach=zind}i and Milam.e

Herein are given relationrhips hetween ideal
(nonviscous) thrust coefficient c,ri, ideal efficiency N
(=0.%0, 0.60, 0.70, 0.80, 0.85, 0.90, 0.95, 0.97, 0.99)
and A = X,; '\L . Kramer's wvork is thus extended for

rropelleres having finite hube,

Method of Comrutation

The basic ecuation for the computation ie Kramer's
ecuation (l.1) (notation is changed to agree with that
in uge at the David Tayior Mocdel Basin):

. 801 (2) 2 (2
Cr, 9-‘-1,[‘4—1 1t m,..i‘,nu_‘,z Q)

o2
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(2)

vhere (:,r = ideal trrust coefficlent

N = jdesl efficiency
K

= K (A“ 2, X, Xy) = "Goldstein
function® or "Circuiation Cistri-

tution Factor" froem reference (8)

A = X ton f6; a.%-

f; = hydrudynaric riteh erngle
)\ = eAvance ratio

Z = nurher of hiacdes

X = ﬁ nondimensional scction radius

hut cismete
proreﬁor dfameter

h = subecrirt denoting finite hub

o

The integrations of K(Z) were performed using a
mn

desk computer and Simpson's first and feconé ruies.

] .
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Preegentation of Yeruite

Curvee relating cTi’ rl..' and A for 3, 4, S an? 6
bladed rronellers having 0.2, 0.3 and C.4 hub dlameter
ratios are given in Pigures 1<l pnpendix B. In
addition, curves taken from Kramer's curves for zero
hub and L4 blacded sre plotted on Figure 2 in order to
thow a comnariron with rropellers having finite hube,

For more convenient use in interrolating for
valuers »f )\;and X, between those given, Tables 1k,
Avpendix A, give valuee of (:T1 ar a function of Z,

Au ’ q! and X,.

The recults rresented are considered accurate

within one in the third eignificant figure throughout

the range coverecd.
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0.50
0.6n
0.7
0.80
0.85
0.4
0.9%
0.97
0.99

0.50

0.7
0.8
0.85
0.90
0.95
0.,
0.9

J.50
0.60
0.7
0.%0

0.90
0.95%
0,97
0.9

Table I

Ideal Thrust Ccefficlent, C-ri, for THREE-BIAUEZD Propellers

3.0

35U
1.9089
1.0mnm
0.5632
0.3786
0.2278
0.1034
0.0598
0.0192

3.0441
1.7296
0.,9742
0.5080
0.3411
0.2050
0.0929

0.0537
c.0173

2.6321
1.4917
0.8381

0,492
0.17%5
0.0795
0.0459
0,018

35

3.8%87
2,1860

1,2275 -

0,6286
0.4232
0.2570
0.1164
0.0672
0.,0216

3.5161
1.9876
1.1140
0.5782
0.3873
N,2322
2.1051
0.0607
0.0195

3.0563
1.7240
0.9643
0.4995
03343
0,2002
0.0905
0.0522
0.0168

L0 LS
xp = 0.2
4.2842 L4.6338
<4177 2,614
1.35¢9 1.4567
0,11 0755
04693 ".5733
(.2812 ! .3011
0,127 02,1360
C.073 00784
0.,0236 n,N252
’h z 0,3
3.9152 4L.251C
2.2N53 <,3822
1.2318  1.33%
006372 :‘-6396
T o4abl 4536
0.,2551 Y102 Tha
00,1152 " 01437

n"%s "007
0,%213 N,7<29
Xy ® ol
3.4218 3.7<91
1.9239 <.0918
.17 1.1637
0,5540 1.5996
0.3702 0.4002
0,224 C.<391
0,0959 0,1078
0.05% 0,0622
0¢,0185% c.M99

5.9

4.935%
2,718
1.5434
‘407%1

C.5316
”.3178
C.1.3)

n .”"65

4.5316
2,579
1,413
" 7278
0.4857
",2901
7.1308
C.0T54
00242

3.9965
2."&
1.2429
C.629%
0.4264
02546
0,1347
0,0661
0,012

55

$.1848
2,9n66
1.6160
n.8322
€.5553
0.3317
0.1495
0 «N862
0.0276

4.7690
.67'”
1.4826
0,7626
0.5085
0.303%
0.1367
0,.0788
0.0252

42214
2.3608
1.309%

0.6728
C.lhBe
0.267%
120
0,069
n,.N222

6.”

4.9696
2:7T79<
1.5414
0.7919
r,5¢78
0.314°

£.1418
0.0817
N, ebe

I RYA YV
< 4Lb62
1.2665
c. 7014
04673
C.2736
r125¢
r0722
CoMNe3l
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0.8

0.99

0.50
0,60
0,70
0.80
0.85
0.90
0.9
o.M
0,99

0.50

0.70
0.80
0.85
0.90

0N
0.9

3.0

349
1.9836
.17
0,526

0.2331
0.,1066

0,066
0.0198

0.01%

35

4.2684
2.4176
1.3577
0.7060

0.4734

0.1278
0.0743
0.0239

Teble 1!
Ideal Thrust Coefficiens, c,i, for FCUR-BLADED Frojellers

‘.0 ‘05
X, = C.2
A.6787 5.0142
2.6401 2.8214
1.4772 1.5743
on oms
0. c.3254
0.1388 0.1469
0.,0801 0.0848
0.0297 0.,0272
x), = 0.3
4.350% 46647
2.4504 2,6206
1.3606 1.4600
0.7080 0.7534
0.4735% 0.5032
0.28% ( »3009
0.1280 0.1357
0.07% 0.0783
0.0237 0.0251
x) = 0.4
o 4.1823
g..”lﬂ 2.3461
1.219) 1.3052
0.629 8.6725
ch ol
0.1136 0.1209
0.0653 0.0697
0.02%0 0.0224

5.0

5,2082
2,9053
1.6534
08528
0.5693
0.3404

c.153 -

¢.0885
0.0284

4.9212
2.7554
1.5344
0.7903
0.5274
0.3130

0,089
o .m

dd2d
24776
1.37%60
0.7078
0.4721

0.1270
0.0732
0.0235

5¢5

5.5150
3.7915
1,7188
C.83851
0.5%06
0.3528
0.1590
0.0917
0.0294

5.1331
2,879
1.59%9
0.8208
0.5474

0.1472

- 0,0848

0.0272

4.6256
2.5869
1.4349
0.7372
0.4914
006”1
0.1320
0.0760
0.0244

6.0

5.7C34
3.290
1.7730
0.9119
0.6081
0.3630
0.1635
0.0942
0,0302

"5.3117

2,9706
1.6477
0,8465

0.3366
0.1515
0,0873
0,0280

47967
<.6799
1.4850
n,7622
0.5078

0.1362
€.0785
0.0252
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Tadle 111

Ideal Thrust Coefficient, Cpy, for mnum Propellers

3.0

L.0250
<.2915

€.67%
0.4340
0.2731
0.1239
0.0726
0,C230

35

4.521%
4.5606 .
1.4377
0.7475
0.5012
0,307
0.1362
0.0786
0.0253

&o24b2
2.4001
1.3451
0.6961

0.2804
0.1268
0,073
0.0235

4.0 49
X = 0.2
4.9182 5.2370
2,78 <9465
1.5524 1.6440
0.8043 0.8496
0.538) c.5%679
0.32% 0.33%8
0.1458 . C.153%
0.0841 0.0885%
0,027 0.0234
& = 0,3
4.6164 4.9124
2,6001 2.759
1.4522 1.537%
0.7512 0. 7934
0.5024 0.5299
0.3007 0.3168
0.12%8 0.1429
0,078 0,0824
0.0252 0.0264
%, = 04
4.1876 44638
2.3545 24,5040
1.7128 1.3930
0,67% 0.717¢
0.45%0 0.4791
0.,2710 02862
.122) 0,1290
0.0703 | 074
0.0226 0.,022%9

Qe

5.0

5.4954
3.0855
1. 7181
0,8881
0.997
0.35%
C.1995
0.0920
C.0<95

5.1510
2,8881
1.6060
0.8272
0.,5520
0.3297
0.1486
0.0857
©.027

4.6862
2,642
1.457%
0.74M
0.5000
0.2985
0.134%
0.0775
0.0248

5.5

e 5 °

o 300&9“:“
EERER ]

5.3456
2,999
1.6619
0.8547
o,
0.3402
0,1%3)
0.038)
0,028)

E

4.8678
2,72<3

1,5100
0,7758
c.”n
C.3085
01389
°.m
0.N2%6

6.0

5.8817
3.2928
1.!28’
C.%N3
0.627
S LLY
n.1686
c.0972

c.0311

5.5054
3.8
1,7077
.87
0. 5847

0,157
00903

5.0180
2,835
1.5535
£,7973
5312
" e3168
. 1425
n,rg2l
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0.60
0.70
0,80
0.85%
- 0,90
0.95
0.
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0.5
0.60
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0.80
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0.60
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I1deal Thrust Coefficient, Cp,, for SIX-BLADED Propgilers

3.0

6.&!
e

1,350%
0.7054
0.4740
0.2851
C.1294
0.0748
0.0240

i3

fastests

3.6407
440633
1.199)
0,6031
0.4043
0,242
0.,1100

0.,0304

3¢9

4.0 [ 9% ]
xH = 0.2
5.0764 5.3830
2.8639 3.0285
1.6021 1.6897
0.800 0.2731
0.5%55 C.5836
0.3328 0.3492
0.1504 0.1576
0.0868 0,0909
0.0279 0.0292
:h = 0,3
4.1912 5.0731
2.698% <8499
1,50M 1.5878
0.7796 0,819)
0.5204 0.5472
Oo,m 0.32"3
0.1410 0.1476
0,081} 0,0851
0,0261 0.,0273
n = 0.4
‘0” "“7,
2.46M 2,6069
1.37% 1.4502
0.7104 0.7473
04747 044908
0.289 0.2980
0.1201 0.1344
0.07% 0,073
0. M 058

5.0

5.2981

1.6519
0.8508

0.33%
0.1529
0,083
0.,028)

¢

1.8167

! oo”"
ne
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0826
0.0263

;“" 3.4

6.

5.9942
3.3558
1.8632
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0N
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